An investigation of th e supersonic dispersion in acetaldehyde vapour was carried ou t in piezoelectric, m agnetostriction and K u n d t's tube in ter ferom eters over as wide a range of frequency and pressure as possible. A cetaldehyde is found to exhibit a m ultiple dispersion region which is independently confirmed b y absorption m easurem ents. This implies th a t certain intram olecular vibrations are activated independently.
Introduction
The transfer of energy from the translational to the vibrational degrees of freedom in a gas molecule is generally an inefficient process, several thousand intramolecular collisions being necessary for each quantum of vibrational energy acquired (Kneser 1931). When a gas absorbs heat, a finite 'period of relaxation' is therefore necessary before the vibrational energy of the molecules rises to its equilibrium value. When a gas transmits sound waves whose period is comparable with the period of relaxation, the equilibrium value between the translational and vibrational degrees of freedom is not attained. This results in a variation with frequency of the apparent ratio of the specific heats (yv) and hence the velocity of sound in the gas. This often occurs at supersonic frequencies and gives rise to super sonic dispersion accompanied by absorption of energy over a limited frequency range.
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In molecules where more than one intramolecular vibration is possible, it might be expected that the ease of excitation should vary considerably for the different vibrations. There would then be a separate dispersion region corresponding to the period of relaxation for each different vibration. A complex dispersion of this type has not previously been found with pure gases. The dispersion in carbon dioxide and nitrous oxide has bedn in vestigated at temperatures where both the deformational vibration the valency vibration are excited, and there is only a single dispersion region giving one period of relaxation for the excitation of both vibrations (Eucken and Niimann 1937). This may be explained on the grounds that energy flows into the deformational vibration first and then subsequently activates the valency vibration. This transfer occurs more easily when there is a possibility of resonance between the higher states of the deformational vibration and the valency vibration. Hence only the single period of relaxation of the deformational vibration is observed.
In view of this it seemed interesting to investigate the supersonic dis persion of a more complex molecule in which there are several different deformational vibrations. Acetaldehyde was chosen as there is already evidence from chemical kinetics suggesting the existence of different modes of vibrational activation of the molecule with different probabilities of decomposition (Hinshelwood and Fletcher 1933).
E xperimental
Preparation of materials A ir was purified by passing it through a series of tubes containing sofnolite, calcium chloride and redistilled phosphorus pentoxide.
Acetaldehyde was carefully fractionated and the middle fraction was dis tilled under reduced pressure into the storage bulb of the apparatus, and the first and last fractions were again discarded. It was protected from light. Apparatus In essentials an acoustic interferometer consists of an oscillator o f constant frequency and a movable reflector which is associated with some recording device. Whenever the distance between the oscillator and re flector corresponds to an integral number of half wave-lengths, stationary waves are set up and are detected by various means. This enables the wave-length of the sound to be estimated.
The investigation of supersonic waves in acetaldehyde vapour was carried out principally in a piezoelectric interferometer over as wide a range of frequency and pressure as possible. As the pressure range at room temperature is smaller than at higher temperatures, a magneto striction interferometer was used to extend the scope of the measurements at room temperature by operating at lower frequencies. Finally a Kundt's tube interferometer was used for measurements at a very low frequency where no dispersion occurs.
The piezoelectric interferometer was originally devised by Pierce (1925); the design used here is similar to that of Eucken and Numann (1937) and is shown diagrammatically in figure 1.
Supersonic dispersion in gases
The outer cylindrical case (A) covers an inner cylinder ( ) which sup ports the piezoelectric quartz oscillator ( and carries a guide tube for the reflector (D) and reflector shaft (E). Both these cylinders are bolted down to a common base ( F) and thin lead washers are used to make vacuum tight joints. The outer cylinder is 10 cm. wide thus avoiding tube cor rections for the velocity of sound. The apparatus has to withstand pressure, vacuum and temperatures up to 400° C. For the latter reason both the inner and outer cylinders are long so that the part containing the quartz and reflector can be heated to 400° C, while the lower end containing the lead washers is not heated above 100° C. Hence the reflector shaft con sists of an invar rod which is not affected by the temperature gradient.
The reflector and shaft are moved by a set screw and collar (G). Vacuumtight conditions between the movable collar and the fixed base ( are effected by a metal tombac tube (H). A recording drum (I) is attached to the same shaft as the set screw and hence rotates as the reflector is moved. A smooth steady motion is achieved by using an electric motor which is geared down (22,500 revolutions to 1), and the coupling shaft is fitted with special devices to prevent vibrations being transmitted from the motor to the apparatus.
The apparatus was connected to an evacuating system consisting of a large efficient oil pump, an electrically heated mercury-vapour pump, a liquid air trap interposed between the apparatus and the pumps, and finally a discharge tube for testing the degree of evacuation. High pressures of condensable gases were developed by the freezing chamber ( ). Special metal tombac valves were used to prevent the rest of the glass apparatus being subjected to the pressure. The gas was frozen in the bulb (K) and then allowed to evaporate into the interferometer to give the required pressure which was registered directly on an 18 ft. mercury manometer ( ). When working with acetaldehyde the manometer and all the connecting tubing was heated to 100° C. High pressures of non-condensable gas mixtures were developed by a special mercury compressor.
When the interferometer was in operation the reflector was moved steadily away from (or towards) the oscillator which was connected to the grid and filament of a thermionic valve in an oscillating electric circuit. Whenever the distance between the reflector and oscillator corresponds to an integral number of half wave-lengths, stationary waves are set up and the intervening gas acts as a resonator, absorbing energy from the oscil lator. Hence the resonances can be detected by a sensitive galvanometer as they produce fluctuations in the anode current of the oscillating electric circuit. These are recorded by a tapping key operating an electromagnetic pen ( N) which marks a strip of paper wrapped around the recording drum. This enables the wave-length of the sound to be estimated. This interfero meter can also be used to measure the absorption of the sound in the gas by observing the varying intensity of the successive fluctuations in the anode current. But before the ratio of the specific heats can be calculated for acetaldehyde, the second virial coefficient, which gives the deviation from the perfect gas laws, must be determined.
The magnetostriction interferometer was also originally devised by Pierce (1928), and is in principle the same as the previous one. Here the oscillator consists of a metal rod set in vibration by magnetostriction in an alter nating electromagnetic field which is produced by the coils of an oscillating Supersonic dispersion in gases 503 electric circuit. The oscillator is mounted in a glass tube with the coils on the outside. The reflector consists of a glass plunger attached to a soft iron'disk so that it can be operated from outside by a strong magnet. Stationary waves are detected in the same way as before.
It was not possible owing to experimental difficulties to use a tube of diameter larger than 1 cm. This involves a considerable tube correction which was estimated from the actual measurements by comparison with results from the piezoelectric interferometer. In view of this the results are not so reliable as those obtained by the former method.
The Kundt's tube interferometer was operated in the usual way using a long glass rod as the oscillator. It could, however, be evacuated and used at pressures below atmospheric. The reflector consisted of a soft iron spool which was operated from the outside by an electromagnet. The diameter of the tube was 6 cm. giving a negligible tube correction. This apparatus is not capable of a high degree of accuracy.
Results
Pure air was chosen as a standard and all the results were obtained by comparison with it. A measurement was first taken with air and then immediately afterwards with the required gas under the same experimental conditions. The accuracy of the interferometers were tested with dry and moist carbon dioxide.
The ratio of the specific heats (yv) is calculated from the equation During the experiments the acetaldehyde was changed after each result and was not allowed to remain in the apparatus longer than was absolutely necessary. With old samples of acetaldehyde the dispersion regions are displaced slightly towards the region of higher frequencies. This is probably due to a minute trace of paraldehyde in the acetal dehyde vapour. Reproducible results were always obtained with fresh samples of acetaldehyde.
It is difficult to assess the accuracy of y 0 as it varies with temperature, pressure and frequency, but the probable error in y0 determined by the piezoelectric, magnetostriction and Kundt's tube interferometers is ± 0*1, ± 0-35 and ± 0-5 % respectively.
Calculation of the absorption coefficient per wave-length
If I0 is the intensity of the galvanometer deflexion for the first resonance maximum, then I the intensity of any other is given by
where x is the distance of the reflector above the oscillator and A the wave-length.
Hence p = 2-303 (A/a;) log IJ I.
In practice A/a; is plotted against log I and pi is determined from the slope of the plot. Supersonic dispersion in gases 
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Discussion
The dispersion regions
The measurements at room temperature show the existence of three distinct dispersion regions (figure 2). Dispersion region (1) cannot be fully investigated as it lies mainly outside the range of the piezoelectric inter ferometer measurements. The lower limit is well defined, and a value of the upper limit is calculated from the theoretical specific heats of the molecule when deprived of all vibrational energy and by assuming that the con tribution due to restricted rotation within the molecule is the same as in ethane. Independent evidence of the existence of this dispersion region is given by the absorption measurements. Dispersion region (2) is well defined and confirmed by absorption measurements. Dispersion region (3) is not completely defined, as it lies mainly outside the range of the magnetostriction interferometer measurements and its lower limit de pends solely on the somewhat inaccurate Kundt's tube interferometer measurements.
The measurements at 110° C show two clearly defined dispersion regions (figure 3). The lower of these has as a lower limit the normal value of y0 for acetaldehyde at 110° C and corresponds to dispersion region (3), figure 2. The dispersion region is shifted to higher frequencies as the temperature rises. The other dispersion region will correspond to (2), figure 2. It is necessary to assume the existence of a third dispersion region corresponding to (1), figure 2, at a frequency too high to measure.
Dimerization dispersion
A dimerization dispersion is to be expected with any partially dimerized gas. The size of a pure dimerization dispersion region for acetaldehyde, from the degree of dimerization (Alexander and Lambert 1941), would be 0*45 and 0*30 cal. at room temperature and 110° C respectively. Con sidering the sizes of the dispersion regions given in table 3, it is evident that none of the three dispersion regions could possibly be due to a pure dimerization dispersion.
It is not possible to state whether any of the dispersion regions includes the dimerization dispersion, but it is just possible that it may be region (2). The absorption curves at both temperatures are not symmetrical, there is still a fair amount of absorption after the absorption maxima have been passed by increasing log vJP (figures 2 and 3).
which are necessary to deactivate the molecule. Hence it is reasonable to compare P 0 with the number of collisions which are necessary for the loss or gain of a quantum of vibrational energy (Z10 and Z01) determined from the supersonic data. It is not possible to calculate and Z01 without knowing the frequency, as well as the period of relaxation, of the fundamental vibration which controls each dispersion region (Eucken and Becker 1934). The spectroscopic data are not certain and cannot at present supply the necessary information. It is possible to make a rough comparison by assuming that Z10 is proportional to ft. Actually Z10 is proportional to ft(l + e~hv'lkT), but e-hv'ikT is small compared with unity for the proba values of the fundamental vibration frequency (v') and its effect is within the experimental error. On the other hand, Z01 is proportional to ft(l + e+hv'lkT) and is therefore largely dependent upon the value of v'. The values of the ratios of ft at room temperature to P 0 are. 1*04 x 10"8, 1*15 x 10-8 and 1-28 x 10~8 for dispersion regions (1), (2) and (3) re spectively.
The above correlation should not be regarded as anything more than qualitative. The existence of the three dispersion regions, however, is definite and signifies that certain intramolecular vibrations are activated independently. Consequently there is a possibility of acetaldehyde possessing more than one type of activated molecule.
